This paper aims to contribute to a better understanding of the history of biology and forestry in Portugal. It will focus on the one state-owned cork oak station devoted to forestry research, showing how its foresters and scientists shaped, and relied on, the state-controlled unions, both for producing and distributing varieties of cork oak and for controlling the seeds and plants forest owners used. Portugal played a very special role in the international development of Mediterranean forest genetics during the first half of the twentieth century. Forestry genetics were decisive for the Estado Novo government, and the Alcobaça Station became a model for the future organization of other countries' applied forestry research centers. The paper shows how the milieu of forestry scientists and breeders played an important role in the development and institutionalization of genetics in Portugal. The paper will explore how these relationships made it possible for the scientists to test, multiply, and distribute the seeds and plants they produced at the laboratory throughout the Portuguese landscape, thus demonstrating the role of scientists as active agents of state formation and landscape transformation within a corporate political economy. The history of the Alcobaça Forest Station is an important example of fascist institution building.
For twenty years, a strong connection between state and cork oak trees emerged in Portugal, in which cork oaks were considered a priority target for state intervention because they were seen as the easiest path toward transforming forestry practices to meet pressing needs for a better export supply. Modernizing the cork oak industry became a political project that materialized under António de Oliviera Salazar's fascist regime and contributed in turn to shape and legitimize the Estado Novo as a ''planner state.'' The constitution of the genetically homogeneous cultivar as a scientific object, a market commodity, and a state policy object went hand in hand. This turned Portuguese cork oak stands into an enormous laboratory. Salazar's forest technocrats envisioned Portuguese forest landscapes as a space in which improved genetic assemblages would be rationally and efficiently distributed. Although the state was not the sole actor of the cork sector, engineers made it into a key player.
Much of the early history of forest genetics in Portugal and Spain remains to be written. Forestry experts who were engaged in cork oak breeding placed themselves at the center of a vertically integrated system that attempted to unify state politics, capital, labor, and scientific research. How did forestry scientists participate in the regime rather than come to work under it or despite its official policies and rhetoric? How did modern genetics reach Portuguese forests through the Alcobaça Cork Oak Station during the decades of 1930s and 1940s? As Michael Flitner has demonstrated, mid-twentieth-century ''genetic modernizations'' targeted plant, animal, and human populations and deeply intertwined eugenic, agricultural, and geopolitical dimensions, although they did so in differing ways across national contexts. 1 The forestry scientists who appear in this paper employed their knowledge in relation to the immediate needs of the state. Political economy not only imposes constraints upon science, but also presents motivations and resources for scientists and their research.
Since the Cold War the public imagination has tended to consider freedom and democracy as key drivers of technological progress. Historians have spoken of engineers as working under Estado Novo and focused on the significance of censorship over science and technology. In Spain and Portugal the common association of science to democracy have led many of them to argue that the political situation virtually erased research; 2 others have argued that this science was pseudoscientific. Still others have argued the engineers' successes were accomplished in spite of the regime. This kind of perspective was partly based in Cold War Mertonian narratives.
3 Scholars now approach the question of technical research by asking what topics the politicians favored and what kinds of international links they depended on. To what extent were forest science and technology a part of diplomatic arrangements in Salazar's Portugal? This is not meant to minimize the tragic effects of repression and ideology on science under the new regime. It does take seriously, however, the emphasis the regime placed on ''applied science,'' which gives us an insight into the actual interconnectedness of research and the Portuguese Estado Novo political economy.
Any analysis of the relative vigor and quality of genetics research in Portugal must take into account the institutional environment, or what Charles Rosenberg has called the ''ecology'' of the discipline. In Rosenberg's view, the swift rise to prominence of the American school of genetics was made possible by certain important institutional developments. 4 One derived from the rapid enlargement after the 1890s of opportunities for research and graduate training in American universities. 5 On the other hand, I will use the notion of ''labscape'' to suggest the extent to which laboratory work is involved in producing and maintaining those landscapes. Robert Kohler has used the concept of labscape to explore the laboratory-field border in the natural sciences. Labscapes are thus those landscapes one cannot fully understand without mentioning laboratories. 6 This paper will focus closely on the actual development of concrete technical products as a way of illuminating the role of engineers in shaping thepolitical economy. This attention allow historians to consider concrete physical transformations happening outside laboratories as part of the history of science and technology. Only a few exploratory studies have looked into the interface between genetics and agriculture or forestry in Spain and Portugal, 7 and historians have not systematically examined Vieira Natividade's ideas and life. Some of these studies have started to challenge the Mendel-centered view of plant breeding, and have instead documented much more complex, locally situated, reciprocal relationships between academic studies of heredity and breeding activity. But the deployment of genetics among forestry scientists and breeders remains underestimated.
What really changed in the experimental practices of these researchers, and to what extent did private and public cork oak plant breeders apply or develop Mendelian strategies? This is where the notion of ''experimental systems'' can be useful. Hans-Jörg Rheinberger has provided a theoretically elaborated definition. 8 He regards experimental systems as the smallest integral working units of research that are designed to create new phenomena and knowledge. Theoretically, he discerns in them two types of elements. He calls the first a scientific object, or an ''epistemic thing.'' An epistemic thing is ''that material entity which is the object of manipulation.'' During the research process scientific objects continually make their appearance and become successively redefined in changing experimental contexts. These contexts form the second element of the experimental systems, and Rheinberger calls them technical conditions, or ''technical things. '' 9 They are materials and methods of experiments that ''determine the space and realm of representation of an epistemic thing.'' In case history studies, experimental systems typically consist of heterogeneous elements, such as groups of researchers and their networks, aggregates of equipment, techniques and methods, research materials, concepts and assumptions. 10 Attention to concrete objects could shed light on circulation of theories and methods as well as on spatial and temporal continuities. The category of objects finally calls attention to the plant varieties foresters and forest owners dealt with. Starting their careers in the context of a forest station, cork oaks successively became objects of experimental inquiry, first by forest scientists and then by progressive farmers. With their transfer from academia to the forest, plant varieties turned into scientific objects. They became ''epistemic things''; that is, they became part of experimental systems, 11 generated questions, initiated research processes, and asked for new or refined concepts and theories. In the process of working cork oaks, their shapes had been transformed, and their behavior had been altered. By 1960, they were the product of thirty years of human intervention and control. It was possible to ask, ''Are these trees technology? '' 12 The first section of this article shows how the milieu of forestry scientists and breeders played a much more important role in the development and institutionalization of genetics in Portugal than has previously been recognized. The second section accounts for the limited importance breeders' gave to Mendelism by using Hans-Jörg Rheinberger's notions of ''experimental system'' and ''epistemic thing.'' Following the scientific life of the leading Portuguese geneticist and forester Joaquim Vieira Natividade (from 1930 until 1960) , I analyze the emergence of genetics in the Portuguese Forest Service. Here I add a further dimension by examining the relation between science and politics as a reciprocal one. Our narrative ends in the 1950s when the relationships between Vieira Natividade and the Forest Service changed noticeably.
THE SCIENTIFIC AGENDA OF THE PORTUGUESE REGIME:
RESEARCH AND INSTITUTION BUILDING
After sixteen years of a Republican regime, a military coup took place in 1926 and put an end to a situation that had been deteriorating in social and In 1933, an authoritarian regime was installed in Portugal with the name of New State-Estado Novo in Portuguese-and with Salazar as its leader. This kind of fascistoriented country opposed nineteenth-century laissez-faire ideologies and so explicitly made autarchy an important goal. This required colonizing new lands or increasing production in agriculture, energy, and industrial goods. This fully fledged regime founded on a corporate constitution in 1933 would last till 1974. It replaced any form of liberal mechanisms of representation by ideological nationalism, the one-party state, systematic repression, and a social and economic corporatism formed by alleged organic social unities-a combination that placed it among the family of European fascist regimes.
At the same time, between 1918 and 1936, the cork sector in Portugal was going through difficult times. Cork oak (Quercus suber L.) is the native tree with the highest economic value to Portugal. 13 In 1939, more than one-half of the world's supply of cork was coming from Portugal.
14 This tree is the only source for industrial cork, a raw material in high demand for the production of wine bottle stoppers and as an insulating material in construction. For instance, the 1929 economic crisis had an important impact on cork exports. The United States, which had been purchasing 60 percent of total Portuguese cork exports, 15 drastically reduced its demand. However, even when cork production often stagnated during the 1920s, cork extraction remained high. In fact, cork demand was so high that people began indiscriminate cork harvesting to the point of extracting too much ''virgin cork'' from the trees. At the time the emergence of these bad practices led to attempts by interested parties to enforce administrative measures for the protection of cork oaks.
It can be observed, therefore, that public efforts, though cautious, were made to ameliorate the situation in the Portuguese cork sector. These efforts were coordinated actions among cork stakeholders, but in general, neither the 18 At a practical level, no importance was placed upon the distinction between native and exotic. He considered that the success of plantations would be a result of years of testing and experimentation, that would lead to better species selection and the creation of hybrids that prospered in Mediterranean climates.
Thanks to Mendes de Almeida, some rules for cork stripping were made for the first time; the increasing demand for cork as an export product in addition to supplying the local market placed pressure on these forest resources. But Mendes de Almeida was conscious that without a better understanding of the biology of the tree, new laws could have negative effects on forest conditions. But the scientific agenda of the Portuguese fascist regime cannot be reduced to the foundation of laboratories exclusively dedicated to applied science. A less obvious interface between the state and the scientific elite emerged from the 1933 Constitution. Indeed, this Constitution not only served to legitimize the political regime imposed in May 1926, but to reorganize Portugal into a ''corporative'' state. Be it rice, wine, cod, or fuel, every major product or raw material deserved a new, rational para-State corporate institution that controlled imports and export, wages and quality. In 1936, Salazar took the opportunity provided by the civil war, which started in Spain between fascists and supporters of the Popular Front's government, to strengthen the country's social structure with organizations of a fascist character, such as the National Cork Board (Junta Nacional da Cortiça, JNC).
Institutions such as the JNC are at the heart of the debate about Portuguese corporatism as an authoritarian political experience. The corporate organization of the State relied on several new institutions, among them the so-called institutions of economic coordination (organismos de coordenação económica). These institutions were created because Salazar did not believe the Portuguese society to be ready for corporations. Even if he could trust the ''capital-work relationship'' to be supervised by primary corporate institutions (such as syndicates or employers' guilds), he could not do the same with the economy of the country. The system would restructure the political economy into a centralized hierarchy, making sure that every level of each branch of production was coordinated to serve the national interest. Authorities took over control of the cork production; this did not require nationalizing the economy, but integrated its different agents into a structure controlled by the state. This implied not the fixing of prices, but the control of intermediaries from the forest to exporters the care lavished in Portugal on the preparation of corkwood for the market is known all over the world. Long practice in handling the raw material has created a class of skilled operatives in this trade. The JNC guides and inspects the whole trade and sees that official regulations are observed.
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The JNC, able to control the good quality of the national cork, became the state's agent for these tasks and was placed into a complex network of commissions of boards. The Salazar laws embodied the visions of the development of the economy on a nationalist basis under the direction of the State. Such combination, typical for many state policies of the Depression years, would materialize the presence of the New State in the territory.
New laws forced all Portuguese forest owners and cork industries to join their respective regional union, in turn affiliated with the JNC. Foresters specializing in tree genetics certified the quality of raw material sold by others and produced their own seeds and distributed them through the Forestry Service. This made them key actors in tree standardization and homogenization. These engineers were able to use the vertical structure of the regime to demand more responsibilities. Every level of each branch of production should be coordinated to support the national interest. This poses the question: to what extent was cork part of a promotional program and a project to assert state authority? The role of techno-scientific elites was crucial for the regular activities of these state organisms. A paradigmatic example is discussed in this paper: the collaboration, from 1936 onward, between the JNC and the Alcobaça Station.
26. Joaquim Vieira Natividade, Portugal, the Greatest Cork-Oroducing Country in the World (Porto: JNC, 1939), 9. Some of the main ''institutions of economic coordination'' were the National Federation of Wheat Producers (1933), the National Board of Fruits (1936), the National Board of Wine (1937) , and the National Board of Olive Oil (1937).
VIEIRA NATIVIDADE: SHAPING A GROUP OF FOREST

GENETICISTS
Vieira Natividade graduated as a forester in 1929 (Fig. 1) . In 1930, he was appointed head of the Alcobaça Station and put in charge of organizing its laboratories and experimental fields. With the creation of the JNC in 1936, he obtained an important position within the planned political economy: being one of the four members of the Board, representing the NFS and all forestry production. 27 From that moment on he was the main link between forestry and the system of vertical unions through the JNC. Vieira Natividade was able to take advantage of state intervention to foster both his administrative career and his research on cork oak genetics. Moreover, he could use his knowledge as a forester to actually shape and organize this state intervention.
Clearly, Vieira Natividade, like other genetic researchers and scientists such as Câmara, was not simply mobilized by the state or working under its dictatorial political pressure. Rather, both took the opportunity afforded by the new regime to give a new relevance to their work and orchestrate support for it through their own administrative positions. In 1933, work on cork oak genetics began at the Alcobaça Station in the context of a plant breeding plan. But the first years at the Alcobaça Station were fraught with poor working conditions. In 1931, there was not even a respectable microscope, and Vieira Natividade had to bring with him the know-how and curiosity for laboratory life.
This movement toward forestry genetics, the first in the Iberian Peninsula, was certainly related to the scientific activity of Vieira Natividade. In the Lisbon ISA, he had met professor Joaquim Rasteiro. Rasteiro was one of the first to teach breeding in the agronomy curriculum. 28 He and like-minded professors viewed breeding as an activity that could easily incorporated into the industrial setting, using mechanical equipment and under the direction of engineers. 29 In the ISA in 1929, Vieira Natividade finished his forestry studies, a diploma opening the possibility to join the NFS. 30. In 1916, the Portuguese NFS employed ten foresters and more than 300 forest guards. 31. ''I've received a great deal of studying material, thanks to your kindness and to some American institutes. It's well known that Mr Crane and Mr Darlington have improved the above subject and finding in the course of my work some difficulties in regard to cytological techniques, please answer the following questions: Could you consent me assisting to your laboratory works during a fortnight? It's the utmost time I can stay at England. Would Mr Crane be kind enough in helping me to resolve some problems of cytological techniques that's interests me most particularly? . . . A I'm the chief Forest Engineer of the Experimental Stations of Sobreiro, I'd apply to you laboratory in an official study commission although the expenses are due to me, I'd be provided by credentials of the Agriculture Department. . . . I am well acquainted with French, Spanish and Italian. Although I may translate correctly the English language, I've great difficulty in speaking it. In these conditions do you think me enable of understanding Mr Crane?'' Vieira Institute was one of the only places in Europe carrying out research on heredity and genetics. Darlington was discovering, in those years, the centrality of chromosomes to heredity, variation, and evolution. The British scientist saw that the chromosomes were not only the products of evolution, but also its guides; their structure and properties determined its course as much as the changes taking place at the gene level. 32 We have to remember that Vieira Natividade had finished his forestry studies after studying agronomy (1922). Alcobaça was an important point for pomology (the branch of botany that studies and cultivates fruit) in Portugal, and the engineer's first books in the 1920s were mostly related to apple production. In London, Vieira Natividade was able to improve important techniques useful for his genetic work. At the John Innes Institute, researchers were working on cytology, genetics, botany, and pomology. After that trip Vieira Natividade began to look at chromosomes, whose mysterious movements and structures he found more fascinating than anything anyone else was working on. Observing the chromosomes, Vieira Natividade followed every move, learning their likes and dislikes. He studied in considerable detail the size relationships of the cork oak chromosomes, 33 showing the somatic chromosome number (2n ¼ 24). With a sharp eye and distrustful mind he tamed the chromosomes, imposing order where others had seen only disorder.
Returning to Portugal, Vieira Natividade decided to continue his training in genetics. Early in his attempts to develop plant breeding methods, Vieira Natividade gained the cooperation of biologists and agronomists in neighboring regions and in Lisbon. He started visiting other experimental stations, such as the Botany Institute of the University of Coimbra. Together with Aurelio Quintanilha (1892-1987), Vieira Natividade was able to work in better facilities than those of the Alcobaça Station. Vieira Natividade found in Quintanilha (one of the first biologists in Portugal to publish on genetics) a paragon reflecting his own developing sensibilities and a testament to the viability of iconoclasm and rugged individualism. Sitting side by side in the laboratory, both men spent many hours discussing genetics and politics, combining ideas. Quintanilha, for his part, began to fancy the shy and intelligent youth, recognizing his scientific acuity and encouraging him (Fig. 2) .
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A first work about pomology breeding would be presented to the ISA professors, in the context of an exam in 1933 to occupy Rasteiro's position, who had died some months before. 35 With the help of Quintanilha, better conditions for the emergence of genetics at Alcobaça Station were being created. The technical and theoretical background on genetics acquired by Quintanilha in Germany was added to Vieira Natividade's experimental skills in biology, learned from the London circle of geneticists. The choice of candidate was based on personal connections rather than test results; Vieira Natividade could not take the Lisbon position and decided to stay in Alcobaça ''forever.'' It was a fact in 1933 that university position was given according not to scientific merit but to ideological affinities, and the Agronomy Institute was viewed more as place of instruction, rather than research. Vieira Natividade returned to his birth city, now with the idea (and at that time, the only professional option as civil servant) to bring genetics techniques to the cork oak experiments, after having made the first attempts with the pomology tests. Vieira Natividade felt he had been let down by the University: ''Here [in Alcobaça] I spend all my time working and studying, increasingly isolated, and increasingly removed from the hustle and bustle of life. I stay with the study of cork and cork-oak. It's sad, but it's life!'' But it would not be easy; cork oaks are characterized by very high allogamy, immense genetic variability, late flowering and slow development. In 1934, Vieira Natividade received the first of his collaborators in Alcobaça: the forester Domingos Pereira Machado. The new Institute combined routine testing with pure and applied research, and soon became a magnet for forest science. With the arrival of Machado at Alcobaça, Vieira Natividade began to function as a mentor, awakening some Portuguese foresters to the new science of heredity. Until 1950, Vieira Natividade was able to control a coherent agenda at the research school. The number of forest engineers in plant genetics and plant breeding in Alcobaça increased from two in 1934 to seven in the 1940s; all of them used breeding books, revealing the influence of science in that detailed record keeping is a standard procedure of experimentation. A community of academic forest breeders had come into being. Vieira Natividade's group of forestry science disciples was formed between those years, each approaching science in a different way. One of them was Manuel Gomes Guerreiro , who stayed in Alcobaça until 1954. Guerreiro is remembered as one of closest of Vieira Natividade's disciples because he received laboratorial training in experimental biology in the Alcobaça laboratory and was then awakened to the problem of heredity, writing his forestry thesis about the Populus genus of trees.
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Another good example of the collaborators was Jorge Brito dos Santos, who stayed in Alcobaça between 1938 and 1946. In the 1940s, he was invited by the National Cork Board to run a project of cork oak improvement and technical forestry assistance. This collaboration lasted almost three decades; in 1967, he was named President of the Board. Vieira Natividade, Guerreiro, and Brito dos Santos' contribution to the Alcobaça Station and to the Board was mainly to scientifically supervise the design of cork oak breeding experiments, which took place in the Vimeiro forest and aimed at the reduction of cork defects through proper selective methodology. Like the EAN, the Alcobaça Station was built specifically for Vieira Natividade to conduct research on cork oak breeding and genetics. And like the National Board of Husbandry with Serra, the JNC opted to support Vieira Natividade's research, a situation which avoided, at least for fourteen years, important difficulties in terms of material organization and scientific practices. At the same time, Vieira Natividade's 37. Manuel Gomes Guerreiro, ''Sobre o problema do melhoramento florestal do genero populus. A experimentação cientifica e a técnica florestal,'' Publicações DGSFA, Vol. XI (1943). However, he opted for a career professor opportunity in the ISA, with the same bad result as his mentor, and finally decided to go to Mozambique to work in a new Colonial Research Station.
team took advantage of the publications of the Board to disseminate original theoretical ideas about cork oak breeding.
Just as scholarships allowed Portuguese foresters to visit some experimental stations abroad, the Estado Novo government provided scholarships to allow some outstanding international scientists to visit Portugal. In May 1935, the British agronomist John Russell (1872-1965) , head of the Rothamsted Station, spent two weeks traveling all around Portugal. 38 An official letter from Celestino da Costa, President of the Education Board, was necessary. Russell arrived in the port of Lisbon on the 21st, and one of the first professors he met was António Câmara, a very attractive young geneticist who has worked with Crew for some time at Edinburgh and also been to the John Innes Institute where he got to know Darlington. He speaks English perfectly. He is now studying Drosophila and also the chromosomes of wheat . . . he knows Vaviloz and has had discussions with him . . . Câmara explained to me the wheat campaign . . . he is responsible for the field experiments and later on suggested that he and Rothamsted should collaborate, if possible, on joint field work . . . Câmara is one of the professors who has private means of his own and is therefore able to devote himself full time to his work . . . professors have to seek another occupation and so can give only part of their time to the College.
On the 26th of May, Russell visited Marinha Grande and Alcobaça, and spent some hours with Vieira Natividade and his wife, Irene. In his notes the Englishman would remember the good taste of the young couple, and how ''after seeing the Station we went round to his house to tea beginning with Port wine and strawberries, and on to tea and delicious cakes.'' Alcobaça was starting to be a scientific destination on the European map.
Two other international forestry scientists who visited Vieira Natividade came from France, Henri Gaussen and Jean-Pierre Chesneau. 39 Chesneau published the report of the visit in the French Forestry Review. In his text he considers the conditions of the Portuguese forest administration as ''excellent,'' where all the forest rangers' houses had toilet and bath. At Alcobaça, Vieira Natividade showed the Station to the Frenchman, who would recall the authority and respect of Vieira Natividade inside the Forest Administration, where he was seen principally as ''technical cork advisor.'' Chesneau regretted not having the time to translate the beautiful publications of the Station, where it was ''possible to feel the perfection of the cork oak culture in Portugal. '' 40 Alcobaça researchers under Vieira Natividade's direction took pains to distinguish their work from that of private forest owners by identifying themselves as men of science. Most of the books and articles related to cork published in Spain and Portugal between 1936 and 1950 were written by the Station's staff. In particular, almost everything related to forestry genetics published in both countries during that period was produced by these researchers. 41 Rather than being civil servants with only marginal technical knowledge, it was the scientific status of the Alcobaça's forestry scientists generally, and of Vieira Natividade in particular, that allowed them to become active agents within the state's structure.
In 1950, as a sort of scientific legacy coinciding with his resignation as the head of the Cork Oak Station, Vieira Natividade published a special book, Subericultura.
42 This 312-page edition included, after a survey of the relevant literature, a history of general cork oak genetic work. Finally, it provided a detailed account of the activities performed at Alcobaça in relation to cork oak improvement. The text established the political economy of cork production and consumption in botanical and genetic research.
BETTER CORK FOR THE NATION: SELECTION OF THE PLUS CORK OAKS AND THE ALCOBAÇ A'S EXPERIMENTAL SYSTEM
Vieira Natividade was one of the strongest advocates in the Iberian Peninsula for scientific plant breeding in the 1930s and 1940s. In a time of increasing industrial demand, Vieira Natividade saw that there were problems of producing high-quality cork. Pest and disease as well as mismanagement were among the factors; two others related to the principal lines of the genetics work of the Station from the very beginning. The first was breeding: cork oak improvement through the formation of new hybrids, using the method of induced mutability. The chromosomes of numerous forms of cork oak were studied at Alcobaça, including the heredity of the principal characters of the plants. Vieira Natividade collaborated with collectors who sent him plant material from all around the country. But the slowness of these operations was described as ''despairing. '' 43 Conventional breeding of cork oak is constrained by its long reproductive cycle, which includes long juvenile periods, and by its complex reproductive characteristics, including self-incompatibility and a high degree of heterozygosis. It's not surprising that the genetics of forest trees came under study then; the assumptions are brought into better focus when they are considered in relation to other twentieth-century forestry aspirations. That one benefit of this genetics research should be its contribution to speed and efficiency in forestry production reflected broader trends in the rural economy. In forestry these ideas found audience in extension agents and government officials alike, who became increasingly concerned with mechanizing and industrializing forestry to bring it in line with the ideals of modern production.
The second line of genetic work was the study of the processes of artificial multiplication. The vegetative propagation techniques permitted the establishment of clones from the selection of the best individuals. But vegetative propagation was not easy to accomplish with cork oak, whether through grafting or cuttings, although some success was finally achieved at Alcobaça. Thanks to these experiments, ''we can obtain genetically homogeneous cork oak populations, even with populations composed of individuals with a high degree of heterozygosis. '' 44 Vieira Natividade viewed heredity as something that could be analytically assessed at an individual level through measurable performance of certain key traits. He coordinated the selection of these ''plus trees'' on the basis of the quality of cork, and selected trees were registered in the principal cork oakproducing areas in the country. Other parameters were taken into consideration, such as resistance to insects and diseases, and the straightness of the grain in the cork. The perspective resembled a pure line concept similar to Louis de Vilmorin's ''pedigree breeding'': ''in Portugal there are no cork forests but rather cork orchards. The trees are pruned and carefully selected, inferior specimens being systematically removed.'' 45 Pedigrees help in selection of better parents for breeding and in monitoring inbreeding. Researchers at Alcobaça would claim that the principal value of their work lay in pedigree selection, which, contrary to mass selection, made relatively pure lines of heredity possible. According to them, properly scientific individual selection could produce stability, since it relied on the botanical specificities of cork oak reproduced through multiple generations.
After carefully selecting a single, especially well-suited mother plant with the desired traits, individual selection allowed one to derive an entire variety from a single plant. Louis de Vilmorin (1816-1860) pioneered and systematized the technique, which consisted of selecting individuals (rather than populations) as the starting point for a new breed, and then documenting ''a perfectly correct genealogy of all my plants, right from the start of the experiment.'' 46 Although common in animal breeding since the eighteenth century, this idea was completely new in plant breeding.
He insisted on using quantitative methods. The desired property had to be measured with precision, and comparisons had to be analyzed in a statistical way. He noted that the progeny of individuals was sometimes homogeneous and sometimes highly variable, and he suggested that not only highperformance types, but also lines with minimum variability, should be bred. Disciplining plants into a stable ''inner'' genetic identity helped standardize their behavior and turn them into reagents that could help measure other ''external'' parameters. The neutralization of individual variation became a precondition to separate ''the influence of heredity'' from ''external influences'' (climate, farming practices, etc.), two categories of causes that were separated and whose relation was conceived as additive rather than interactive. Vegetative propagation, ''without being a breeding process, can complete it. '' 47 As the Portuguese cork sector moved from a cottage industry to an industrial enterprise, the building of trust required, for the first time, serious new standards. The JNC was guiding and inspecting the entire trade and seeing that official regulations were being observed. The quest for purity was also related to a challenge in quality management in large-scale cork production; ''in no other country are the standards of production and marketing organization so developed.'' 48 The Portuguese cork trade had to meet the challenge of quality standardization and control to improve its position. To ensure the quality of the cork commercialized Vieira Natividade controlled quality upstream at the stage of tree multiplication, the vegetative propagation. Ideally, tree production could be done at the Vimeiro national forest by skilled, disciplined, and carefully managed foresters. The Alcobaça Station thus developed pedigree breeding techniques and pure lines as the mainstay of a wider industrial strategy to streamline the mass production of cork along the principles of standardization and economies of scale.
By speaking of cork orchards, Vieira Natividade conceals the human work of developing landraces. In a modernist conception passed down from Nicolai Vavilov, another John Innes scholar, landraces comprise ''gene reservoirs'' and ''genetic resources'' inherited from the past. The concept of ''genetic resource'' implied a view of crop diversity as a standing reserve, which local farmers hardly knew how to harness. ''Genetic resources'' from the past needed to be prospected and assembled (including through interspecies artificial crosses) by scientists into new, modern cultivars. Far from the evolutionary genetics of its time, Vieira Natividade focused on the fixity and predictability of plant life forms. It assigned an important place to the requirement of ''distinctive characters,'' ''homogeneity,'' and ''stability.'' The uniform and stable variety was an essential feature of the specific experimental and statistical culture of forestry and its mode of studying a few parameters separately. It was also an industrial object, that is, a predictable and standardized factor in an industrialized system of cork production.
In the context of Vieira Natividade's experimental culture and the new task he assigned to the state-that is, to distribute ''genetic improvement'' rationally throughout the national territory-''clones'' appeared neither as the key scientific unit nor as the relevant object for intervention and regulation. He understood that in order to breed better adapted varieties, we should study and use the total genetic diversity of the plants themselves, including related wild species. The idea of studying and using plant diversity may have come to Vieira Natividade's mind from collecting expeditions, where he found highly diseaseresistant species of trees, such as chestnut trees resistant to the ''ink-disease. '' 49 Plant geneticists such as Vieira Natividade collected a wide range of ''genetic resources'' at Alcobaça through exchanges with Portuguese forest owners and foreign institutions. Through this process, cork oaks from all over Portugal were extracted from the local cycles of growing and stripping, and grown in a different, experimental way at the Station, where they were sorted into types 49. In 1944, Vieira Natividade's team planted 688 kilos of chestnuts (50,000 plants) in the Vimeiro forest. Joaquim Vieira Natividade, Em defesa do castanheiro (Lisboa: Junta Nacional das Frutas, 1945), 24. and varieties, planted alongside one another, transformed into pure lines by pedigree breeding, and recorded in cultivar registers and inventories. The notion of experimental systems helps us to understand how the different purposes and different experimental systems of plant breeding generated different scientific objects, different units of analysis, and different modes of manipulation. Cork oak breeders designed an experimental space that was populated by thousands of individuals and hundreds of traits, which they could study and upon which they could intervene. What these breeders aimed to do was to harness a vast genetic lottery and then sort it out, thereby assessing hundreds of potentially interesting new combinations. Designing an experimental system that would handle this vast genetic lottery implied five key elements.
First of all, it would be necessary to gather in one space the greatest genetic diversity for the greatest number of characters. By 1950, the Vimeiro forest possessed one of the largest cork oak collections in the world, containing a huge number of varieties, accumulated through voyages of exploration, participation in international fairs, and a dense network of correspondents who gathered and dispatched landraces.
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The knowledge and techniques needed to optimize the intermixing of genomes and the continuous production of new combinations constitute a second key step. Just as the experimental system of Morgan's group, the Drosophila mutation breeders, 51 was designed to produce hundreds of new forms from single mutations that could be isolated (and their loci ''mapped''), the cork oak plant breeders' experimental system was designed to produce hundreds of new forms via continuous flows and infinite combinations of alleles. It is for this reason that Alcobaça breeders studied the biology of tree reproduction as a way to improve the rate of success of artificial crosses, and that the better equipped among them conducted artificial crosses on a large scale.
Improvements in the efficiency of the methods for screening such intermixed populations represent a third key element of the breeders' experimental culture. Efficient breeding meant improving the means for identifying potentially interesting individual plants among large populations. For this job, the ''art'' or ''good eye'' of the breeder-consistently identified by breeders as being crucial to their practice-was the key element. With the cork oak, only after the second cork stripping, when the cork oak was more than forty years old, could the forest owner or the breeder see easily the quality of the individual. The skill was initially developed by wandering through the plots and spotting valuable plants. New tools became available, along with new ways of organizing the work more systematically: performing large-scale biometrical analyses, the systematic inscription of observations in breeding notebooks, and the refinement of the taxonomical gaze capable of subdividing a population of a variety into many smaller and purer varieties, a technique pioneered at the Svalöv Station in Sweden and studied by Victoria Pires in 1934. The discipline of the breeder's expert body and the use of inscription and description devices might have been as crucial to the success of plant breeding as the introduction of Mendel's laws.
Fourth, once candidate plants (numbering in their hundreds) had been spotted as potentially interesting, they were subjected to inbreeding (pedigree selection) and became fairly pure lines or, in the words of Vieira Natividade, ''one of the conquests of the forest scientist.'' 52 The ''purity'' of these lines was not checked through a direct estimation of their homozygosis but rather at the phenotypic level on the basis of taxonomical, biometrical, and agronomic data. For breeders, a satisfyingly pure line was an entity that was stable and uniform enough to produce robust results in properly conducted forestry experiments, offering ''the quickest way to raise the value of the cork oaks of tomorrow . . . We already have the tools needed to build the cork oak of the future.'' Assessing and comparing hundreds of lines to select a few of them as commercial products were the final key elements of the cork oak breeders' experimental system. This belonged to the long tradition of the agricultural assay. Since the late nineteenth century, this activity had been improved through a systematic homogenization of nature and human operations. Improvements were also obtained through an increased use of the statistical methods and methodologies of experimentation (repetition, analysis of variance and probable error, tests of significance, etc.). This fifth element of breeders' experimental culture was a decisive force in producing robust data on the forestry value of various varieties, allowing researchers to offer more consistent advice to both forest owners and the FNS, and to establish trust in a growing seed and tree market. 
THE 1950S CORK OAK PLANTATIONS AND THE SUBERICULTURA
TRANSLATIONS
From 1934 to 1950, geneticists working at Alcobaça tested a number of varieties and, principally from 1955, distributed the successful ones among forest owners. The NFS tree nurseries produced thousands of seedlings. When integrated into a cork oak stand in the Alemtejo region, however, these discrete organisms became part of a complex system designed for a purpose. Moving from nursery to forest, foresters tried to construct complexity out of rational components, a biological machine whose whole was greater than the sum of its parts. Yet in important ways the forest also built itself, becoming a system in which technology and ecology were seamlessly integrated. Composed equally of human culture (labor, technology, science) and nature (soil, climate, plants, and animals), the product of this system was not merely wood or cork but the forest as a whole, a self-perpetuating technological ecosystem.
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The Alcobaça Station had to test the quality of the new trees. From 1955, more stringent distribution of plants by the National Cork Board gave Alcobaça's geneticists a central role in national cork production. Geneticists, in turn, provided the Board with material arguments for their struggle for power. Alcobaça scientists became a more active and integral to the corporate system. These activities made them key actors in cork oak standardization and homogenization in the service of the Estado Novo. The Alcobaça Station benefitted from the JNC's resources and from its new links with forest owners and industries, as the JNC assumed the tasks of consultancy, education, and inspection. These links among scientists, producers, and the state would be much stronger with the entry of Brito dos Santos in the technical service of the Board from 1946.
Artificial breeding combined with genealogical selection allowed Alcobaça's breeders to obtain homogenous varieties of particular interest, the plus cork oaks. In addition to allowing the practical eradication of such genetic variations as thin cork (disliked by the cork industrialy), homogeneity could bring numerous harvesting efficiencies, such as a shorter cycle of reproduction. It also reduced costs. If all plants matured at around the same time, stripping labor would be more predictable for forest owners, easier to organize, and require fewer working hours. Who planted Alcobaça's cork oaks in Portugal? Reforestation practices have deep roots in Portuguese forest policies. 54 We know that Vieira Natividade maintained a close friendship with at least two important forest owners, José Meneres and Joao Lopes Fernandes . The relationship between science and forest owners was developed in part through the articles published by the Alcobaça foresters in the JNC review, Boletim Cortiça. Also, some of the tree owners had large country estates and belonged to a wealthy class of forest entrepreneurs, among the major landlords ''who have owned much of the agricultural land in the Mediterranean world.'' 55 Some of them considered themselves as agents of modernization and managed their farms in line with rational principles. They were interested in science and technology, and keen to experiment; they wanted to plant Alcobaça cultivars, and in important quantities. 56 As representatives of the rural elite, they were committed to politics and were opinion leaders in agricultural societies. Within the group of large landholders who had a strong influence on politics in Portugal, they represented the most progressive branch. Vieira Natividade, Meneres, and Lopes Fernandes organized several field trials to evaluate the performance of new plantations and management techniques. In Vieira Natividade's words, Lopes Fernandes considered his scientist friend a sort of ''priest of magical arts'' (Fig. 3) .
57 Vieira Natividade considered his rich friend ''a curious man, friend of the tree, simple and modest, with long vision, the group of qualities very rare on that that I call the Homo Latifundarius. '' 58 Meneres' and Lopes Fernandes' new plantations followed the guidelines marked by some of Vieira Natividade's technical texts. The book Subericultura, offering technical help to cork oak forestation problems, was at the same time the first original study in forest genetics from Spain and Portugal to reach the international community. In the following years other European forest scientists such as Aldo Pavari and Philibert Guinier reported Vieira Natividade's data and conclusions.
Like Aurelio Quintanilha, Vieira Natividade seems to have condemned the social and political regime on at least two occasions. 59 But in contrast with Quintanilha, the forester did not appreciate being involved in social and political activities. He made no exception in 1947, when a group of university professors, among them the forestry teacher Azevedo Gomes, endorsed the petition for free elections. Azevedo Gomes' ISA position was suspended in 1947, and until 1953, he was forbidden to come back to the University or to participate in any scientific meetings abroad. 60 In May 1950, the Portuguese forester present at the FAO's Mediterranean Forestry Commission, in Algiers, was not Azevedo Gomes but Vieira Natividade. Vieira Natividade had become a major force in the world of Mediterranean forestry science. With seven foresters having studied under him, he had created the largest school of its kind among the Mediterranean foresters. In the Mediterranean basin, Subericultura would be widely acclaimed, and the French and the Spanish hosted him like a dignitary on several occasions. He had completed a masterful forestry treatise, turning an uncontrollable wealth of observation into a fledgling science. Subericultura was a major publication and was translated into French, Italian, and Spanish. 62 Vieira Natividade's international reputation was a unique asset for establishing international relationships. He continued correspondence with foresters from around the Mediterranean basin throughout his lifetime. His participation in the FAO meetings both reinforced and enhanced his position in the global network of forestry exchange. This in turn enlarged the audience for his work.
CONCLUDING REMARKS
The establishment of forest genetics as a field of research in Portugal from the 1930s onward could scarcely be understood without taking into account the role played by Vieira Natividade. Similar to Edward Swain in Australia, 63 Vieira Natividade offered a broad vision of forestry that combined ecology, economics, and management. State forestry in Portugal was developing out of a complex set of actors and forces. What could genetics add to cork production in Portugal? Better cork quality, at a time when the Spanish and the French cork sectors were suffering two different wars. This history provides a material tool for examining engineers' agency in the shaping of Salazar's regime and the Estado Novo landscape. The histories of these cork oaks are functional representatives of more general developments, such as the political economy of industrialization, transformations of landscapes, vertical unions, and the consolidation of the regulatory state. The history of the Alcobaça Forest Station is an important example of fascist institution building.
Part of the explanation for the comparative institutional strength of Portuguese forest genetics lies in the higher rates of institutional expansion that occurred in the 1930s, a lost opportunity for other fascist cork producers in Spain. 64 The large scale of intervention was no longer a matter of sporadic control over the cork trade; by using corporate enforcement of professional discipline, and providing the technical ideology that legitimized it, the JNC and the NFS established a regime of ongoing control over forest owners and cork industries, and tightly controlled the state (and professional) technocratic planning of the distribution of plant genotypes throughout the national territory. The uniform and stable variety was an industrial predicate-being regarded as a predictable and standardized factor in an industrialized form of forest production system.
In 67 In 1982, he was still the reference for the first Spanish forest scientists studying the problems of cork oak breeding. The Spanish forester Pardos Carrión was looking for previously selected ''plus cork oaks,'' and with vegetative propagation problems, he would go on to use one of the Paixao Correia's successful techniques, ''la técnica de los ramos amontonados, lo que llamamos aporcamiento'' (stimulated grafting of cork oak to other oak stocks). Alcobaça Station, before and after Vieira Natividade's departure, was the result not only of a lack of scientific projects or the initiative of its leaders and members. Difficulties within the NFS in imposing a new research ethos, as in the Lisbon Laboratory of Physics, 69 proved crucial to account for Vieira Natividade's fate. In fact, although the Station was successful in establishing productive links with foreign scientists, a fact corroborated by Chesneau's 1947 visit, it proved unsuccessful in establishing better connections within its immediate administration.
Since the 1920s, the Portuguese NFS was seriously engaged in research to such an extent that its leaders, such as Mendes de Almeida, played a leading role in campaigning for research. One of its outcomes materialized in the government's investment in forestry research institutions, in tune with its policy of providing the agriculture and forestry system with adequate personnel. Vieira Natividade profited from these measures. What was unique about the Portuguese foresters was their privileged positioning in the context of the new state. The new regime offered the chance to develop their projects away from the ups and downs of parliamentary politics. Although their expectations were often stymied by lack of resources, their involvement in the quest for national production made them key actors within the regime. Their role as mid-level decision makers is particularly relevant to this story. Together with administrators they turned research in a strategic area into a state priority. In examining the circulation of products such as cork oaks, engineers emerge as agents of landscape transformation. As environment historians have shown, remaking landscapes is a political enterprise. 70 With the support of JNC, Vieira Natividade built the first successful forest genetics research school in the Iberian Peninsula. He was a keen promoter of science; from pure line cork oak races to the chaotic variability in the Portuguese forests, from a context marked by nationalistic ideas to an economicsdriven university environment, Vieira Natividade's research trajectory in Alcobaça is a striking testimony of the political changes operating in Portugal during the early phase of the New State. By combining and recombining plants, plant material, and plant information, Vieira Natividade was able to take a key position in influencing the way Portugal was forested. The most striking materialization of this possibility was the ''plus cork oaks'' prepared in the vegetative propagation working line. They were as much a laboratory artifact as a commodity for Portuguese political economy. The original, albeit modest, scientific research conducted at the Cork Oak Station was not only strongly linked to forest production, but also, and more particularly, was dependent on the vertical integration of Portuguese cork production, which in turn, was fed by research on young trees. Rather than depending on a large budget, the Station's successes depended on the state organization. The JNC relied on the Station for acquiring the plants it distributed in the forestation plans.
After 1930, and spreading across a twenty-year period, institutions of applied sciences such as the EAN or the Alcobaça Station, together with organizations of economic coordination such as the National Cork Board, were set up whenever the pressure for economic and social development was strongly felt. From the start, genetics were decisive for the Estado Novo government, and the Alcobaça Station became a model for the future organization of other countries' applied forestry research centers. In fact, an investment in scientific and technical training was deemed to be an asset for the country's modernization, and the Alcobaça Station benefitted the most from it.
Some members of the agro-forestry community, such as Azevedo Gomes and Quintanilha, suffered political persecution for publicly disagreeing with the regime's policy. By contrast, scientists or engineers such as Antonio Câmara were admirers of the dictator Salazar and were deeply committed to the politico-scientific agenda of the regime. Câmara adopted one Salazar sentence as motto of the EAN. 71 But this did not mean they could not, at times, be critical of the regime's decisions.
In the context of a dictatorship, scientific groups were often heavily dependent on charismatic leaders, and in the same way political agendas were often dependent on the ideas of individual politicians. In Portuguese forest genetics, this was the case with Joaquim Vieira Natividade. Without doubt, Vieira Natividade lent a visible profile to science at a time when few Portuguese scientists or engineers enjoyed public prominence. Two conspicuous events contributed to his visibility and reputation: his admission to the Portuguese Academy of Science in 1955, and a well-publicized lecture delivered in 1966, 71 . ''Estudar na dúvida, realizar na Fé'' (Study in the doubt, make in the faith). António Câmara, Planos de Trabalho da Estaçao Agronomica Nacional (Lisboa: Ministerio da Agricultura, 1939), 32.
when he won the Honoris Causa PhD at Toulouse University. On each occasion, he was seen as an intellectual representative of the Salazar regime. During the Estado Novo period, working in an atmosphere that was at times overtly hostile to science, he led a successful career-not least because he rested his case on a firm belief in the values of science over the appeal of political contingency. Vieira Natividade benefitted in no small way from the Salazar regime, which promoted the areas in which he worked. Nevertheless, cooperation-some would say, collaboration-did not destroy his autonomy. His support for the regime lent Salazar international prestige, but also helped sustain Portuguese science during its long period. In Portugal, the struggle for democracy is often seen in terms of an oversimplified struggle between dictatorship and democrats. However, Vieira Natividade's experience underlines the complexity of the situation.
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